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ABSTRACT 
Homogenatcs of fertilized eggs of the sea urchin Paracentrotus  lividus were fractionated by 
differential centrifugation. In addition, whole  eggs  were  fragmented,  on  a  preparative 
scale,  by centrifugation in sea water-sucrose gradients. The fractions and fragments were 
subsequently assayed for their content of soluble protein antigcns described in an earlier 
publication. Relative concentrations of antigen present in quantitatively isolatcd cell frac- 
tions were estimated by graded antiscrum absorption in combination with agar-diffusion 
tcchnique. Two of six antigens were found to  be associated mainly with  the low speed 
sediments. Treatment of the various sediments with hypotonic medium and results obtained 
with fragmented eggs  suggested  that  these  two  antigens and possibly a third were  prob- 
ably located in the yolk granules. The other antigens were more evenly distributed among 
the low speed  sediments and the non-sedimented part of the cytoplasm.  Only one of the 
antigens was consistently associated with the microsomal fraction. 
INTRODUCTION 
Immunology provides the tools for the study of the 
intracellular distribution of macromoleeules which 
are difficult to analyze by other techniques (1, 2). 
Knowledge of the subcellular localization of vari- 
ous antigens is important for an understanding of 
the  genetic relationship between different  struc- 
tural elements of the cell. The unfertilized  egg may 
appear to be of special interest in this connection 
since,  upon  fertilization,  it  rapidly  changes  its 
submicroscopic and  microscopic morphology  (3) 
and gives rise to the development of a multicellular 
organism. 
In a  previous paper  (4)  some  of the immuno- 
logical and physicochemical properties of 6 soluble 
proteins  from  the  eggs  of  the  sea  urchin  Para- 
centrotus  lividus have been described. It was shown 
that these  proteins were present throughout early 
development without changing their immunologi- 
cal  and  chemical  individuality as  assessed by 
several  criteria.  They,  therefore,  appeared  to  be 
suitable markers for further studies of differentia- 
tion on the molelular level occurring during em- 
bayonic development. 
In this study,  some  data will be given on the 
distribution of these  antigens in the  unfertilized 
egg.  Emphasis  is  laid  on  the  description of the 
methods for determining relative antigen concen- 
trations in different subcellular fractions or frag- 
mented eggs.  It will be  shown that  some  of the 
antigens were mainly associated  with the  micro- 
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found in both the granules and the non-sedimented 
part  of the cytoplasm.  Only  one  of them  seemed 
to  be  associated  with  the  microsomal fraction  as 
well.  In  a  paper  to  be  published  elsewhere,  the 
developmental  changes  in  the  relative  quantities 
of these antigens will be discussed in greater detail. 
MATERIAL  AND  METHODS 
FRACTIONATION  BY  DIFFERENTIAL  CENTRIF- 
UGATION:  Mature  unfertilized  eggs  of  the  sea 
urchin Paracentrotus  lividus were obtaincd as described 
previously  (4).  Eggs  from  40  to  50  females  were 
pooled  and  washed  once  by  decantation  in  a  large 
volume of sea water.  The jelly  layers  were  then re- 
moved  by quick  treatment  with  acidified  sea water 
at  pH  5.2  (5).  Subsequently,  the  eggs  were  freed 
from  Ca  ~+  by  washing  in  large  volumes  of cither 
3.8  per  cent  NaC1  or  5.04  per  ccnt  KC1  (isotonic 
with  Meditcrrancan  sea  water),  each  containing 
10  -4  M EDTA.  The  final  volume of the  suspension 
was  adjusted  to  100  ml,  containing  3  to  4  X  10~ 
eggs/ml.  The  suspension was  cooled,  and  the  eggs 
were  then  homogenized  at  +4 °  by  three  cycles  of 
gentle  suction  through  a  sintered  glass  filter  No.  2 
(6).  Homogenates  obtained  in  this  way  were  free 
from  cellular  debris  and  contained  cell  nuclei  and 
microscopically  visible  granules,  seemingly  intact, 
and  without  appreciable  aggregation.  About  20  per 
cent of each homogenate was removed for reference 
purposes,  and the remaining portions were subjected 
to  differential  centrifugation  at  +4 °  in  a  Spinco 
model H  centrifuge as described below. 
The  homogenates were  centrifuged  at  2,000 g  for 
15 minutes, the supernatant poured off and recentri- 
fuged  at  the  same  speed  but  for  30  minutes.  Since 
microscopic  observation  showed  no  difference  be- 
tween the sediments, they were finally combined and 
washed  by  a  third  centrifugation  for  30  minutes in 
fresh medium  (sediment I).  The wash was added  to 
the  supernatant  from  the  preceding  centrifugation. 
This was  then subjected  to  2  similar centrifugations 
at 12,000 g, yielding a small sediment which was kept 
for separate testing. The supernatant which now was 
free from microscopically visible granules was finally 
ultracentrifuged  for  60  minutes  at  105,000  g.  The 
sediment (sediment II), resuspended in fresh medium, 
and  the  supernatant  were  recentrifuged  under  the 
same conditions. The very small sediment recovered 
after  the second  run was  added  to  sediment II  and 
this was then washed by a  third high speed centrifu- 
gation. 
In  several  experiments,  the  microscopic  granules 
were  removed from the homogenates by using three 
10-minute runs of low speed centrifugations at  pro- 
gressively greater  centrifugal  forces,  namely,  300 g, 
600 g,  and  1,200 g,  instead of  2,000 g,  as described 
above.  In  one  experiment,  a  part  of  the  submi- 
croscopic granules was removed by centrifugation  at 
30,000 g  for 30 minutes before ultracentrifugation  at 
105,000 g. 
FRAGMENTATION  OF  WHOLE  EGGS:  Tubesof 
rotor  No.  21  of the Spinco  Model  H  ultracentrifuge 
were filled with 40 ml of a  mixture containing 4  parts 
1.2  M sucrose  and  1  part  sea  water.  Over  this  was 
layered 50 ml of sea water.  Then 0.25 ml of a  dense 
suspension ofjellyless eggs were layered on top of the 
sea water.  The eggs were centrifuged for  70 minutes 
at  44,000 g  and  18 °.  Two  well  separated  layers  of 
fragments,  3  mm  apart,  appeared  in  the  tubes 
closely below  the interface  sea water/sucrose,  and  a 
small sediment at the bottom. These two layers were 
pipetted  off  separately.  The  material  of  the  lower 
layers  from  all  tubes  was  combined  and  kept  for 
later  use  (Fragment  I).  The  material  of the  upper 
layers from  all  tubes was subjected to  an  additional 
centrifugation in rotor  No.  40,  over  a  medium con- 
sisting of 5 ml of sea water layered over 4  ml of a  1 : 1 
mixture  of  sea  water  and  1.2  M  sucrose.  After  90 
minutes of centrifugation, at 93,000 g, 2  layers again 
appeared,  an upper  one,  Fragment  II,  and  a  lower 
one,  Fragment  III.  Both of these fragments, as  well 
as  Fragment  I,  were  finally concentrated by  centrif- 
ugation in an angle  centrifuge.  A  description  of the 
fragments is given in the  "Results." 
PREPARATION  OF  FRACTIONS  FOR  IMMUNO- 
LOGICAL  EXPERIMENTS :  Test solutions from the 
various fractions or from fragmented ceils were  pre- 
pared  by  homogenization  in  a  motor-driven,  ice- 
cooled  Potter-Elvehjem  homogenizer  in  hypotonic 
NaC1  (0.9  per  cent)  containing  10  per  cent  by 
volume  of phosphate  buffer  (pH  7.4,  0.15  M).  The 
extracts were centrifuged until clear.  In some experi- 
ments, the sediments were washed twice in the same 
medium  and  subsequently  extracted  with  0.2  per 
cent  sodium  deoxycholate.  The  final  supernatants 
from  the  differential  centrifugations  were  ready  for 
immunological testing after dialysis against the NaCI 
buffer.  Total  unfractionated  homogenates were  also 
dialysed  against the same medium.  The  entire  pro- 
cedure was performed at  +4 °  . 
For  absorption  of  antiserum,  the  fractions  were 
homogenized  in  distilled  water,  dialysed  until  free 
from salt,  and subsequently lyophilized. 
During  appropriate  steps of fractionation  and  ex- 
traction, nitrogen was determined by a microKjeldahl 
method (7).  In preparation for RNA determinations, 
the samples were treated with alcohol,  alcohol-ether, 
and TCA  (8). RNA was determined according to (9). 
IMMUNOLOGICAL  PROCEDURES  :  The solutions 
were  assayed with  an  antiserum  against  an  extract 
of unfertilized jellyless  eggs  of P.  lividus.  The  anti- 
serum  which  was  used  in  this  study  was  a  pool 
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and  subcutaneously  as  previously  described  (4). 
When tested by means of agar diffusion techniques, 
it  showed  a  pattern  of  precipitating  antibodies 
similar to that of the antiserum used in the preceding 
study of this series. 
Qualitative  tests  of  the  antigens  in  the  various 
extracts were performed by  means of Ouchterlony's 
technique  of double  diffusion in  agar  (10)  and  by 
means of immuno-electrophoresis (11)  as  described 
previously.  Before  use,  all  antigen  solutions  were 
diluted  to  the  same  concentrations of undialysable 
nitrogen (2 to 5 mg i/ml). 
Relative  concentration  of  the  antigens  in  the 
different fractions or  in  the  fragments were  deter- 
mined by means of Oudin's method of single diffusion 
in  agar  (12)  combined with  graded  absorption of 
antiserum  (13).  A  full  description of this procedure 
has been given elsewhere (14).  In brief, 1 ml aliquots 
of  the  antiserum  were  partially  absorbed  by  the 
addition of graded amounts  (accurately weighed) of 
the lyophilized fraction to be studied for its antigen 
content. After absorption, the antisera were cleared 
by  centrifugation,  and  aliquots  were  mixed  with 
normal serum in order to render a  given concentra- 
tion  of  antiserum  in  a  constant  volume  of  total 
serum.  Eight parts of such serum were  then mixed 
with  2  parts of saline  agar,  and  Oudin  tubes were 
prepared as described. The tubes were reacted with 
a concentrated extract of unfertilized eggs applied as 
the external reagent. Readings of the migration rates 
of the precipitation zones were made with the measur- 
ing device described elsewhere  (14).  The  migration 
rates  (k)  of a  band,  defined  as  the  distance  of its 
leading edge from the interface, divided by the square 
root  of  migration  time,  were  calculated  from  5 
measurements made  on  5  subsequent  days.  Under 
appropriate conditions, straight lines were obtained 
when the migration rates for the various bands were 
plotted  on  the  ordinates  against  the  amounts  of 
fraction  used  for  the  absorption  of  the  antiserum 
(abscissae). These lines originated from the ordinate 
value  obtained  with  unabsorbed  antiserum.  The 
slopes  of these  lines  are  indicative  of  the  antigen 
content  of  the  material  used  for  absorption.  The 
relative absorbing capacity of the different fractions 
could,  therefore, be estimated from these slopes by 
drawing an  arbitrary line through them  parallel  to 
the abscissa.  The amounts of absorbants, correspond- 
ing  to  the  k  values  where  the  different absorption 
curves intersected with this line, could then be read 
directly  on  the  abscissa  (13).  From  the  values  ob- 
tained in this way  and the known nitrogen content 
of the lyophilized fractions, their relative content of 
antigen  could  be  calculated.  The  accuracy  and 
limitations of this method have been discussed in  a 
previous publication (14). 
RESULTS 
Description of Egg Fractions 
and Fragments 
FRACTIONS:  Most  of  the  microscopically 
visible granulcs  of the  homogenate were  present 
in  the  2,000  g  sediment  (sediment  I).  Further 
fractionation of these granules was attempted in 
some experiments (Experiments 3 and 4, Table I). 
Microscopic observations showed that the fraction 
which  scdimented  at  300  g  consisted  predomi- 
TABLE  I 
Distribution  of  Total  Nitrogen  in  Different 
Centrifugal Fractions, Given as the per cent of That 
in the Total Homogenates 
Experiments 1 to 3: homogenates made in iso- 
tonic NaCI.  Experiment 4: homogenate made 
in isotonic KC1.  (For details see Material and 
Methods.) 
Centrifugal forces  Exp. 1  Exp. 2  Exp. 3  Exp. 4 
g 
300 
28.4  31.4 
600 
1,200  4.0  4.0 
2,000  31.9  35.0 
12,000  0.8  1.2 
30,000  0.9 
105,000  11.8  11.6  9.0  6.1 
Final super-  53.6  50.0  53.9  53.7 
natant 
Recovery  98.1  97.8  95.3  96.1 
nantly of yolk granules and of nuclei.  The 600 g 
sediment was essentially free from nuclei and con- 
mined  a  somewhat  smaller  proportion  of  yolk 
granules. It was composed mainly of much smaller 
granules, some of which were strongly pigmented 
and, as shown by phase contrast microscopy and 
staining with Janus  green,  some probably  mito- 
chondria.  These  small  granules were  also  found 
in the  1,200  g  and  the small  12,000 g  sediments, 
both  of which  were  completely  free  from  yolk. 
The 30,000 and  105,000 g  sediments contained no 
microscopically visible particles; they were desig- 
nated as microsomal fractions. The "heavy micro- 
somes," sedimented at 30,000 g, were bright red in 
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colorless. 
The distribution of total nitrogen in the different 
centrifugal  fractions  is  shown  in  Table  I.  When 
the calculations were based on undialysable  nitrogen, 
the first sediment  (2,000 g) contained 38 to 40 per 
cent,  the  submicroscopic  granules  12  to  14  per 
cent,  and  the final supernatant  about 40 per cent 
of that present in the unfractionated  homogenate. 
Determination  of RNA  (Experiment  4,  Table  I) 
showed  that approximately  50 per cent of that  in 
the  total  homogenate  was  present  in  the  main 
microsomal  fraction  (105,000  g),  23  per  cent  in 
ture,  obtained  when  extracts  of the  2,000 g  sedi- 
ment  (sediment  I),  the  105,000  g  sediment  (sedi- 
ment  II), the  final  supernatant  from  Experiment 
1,  and  the  30,000  g  sediment  from  Experiment 
4  (Table  I)  were  reacted  with  the  antiserum  on 
the  same  agar  plate.  Many  precipitates  were 
formed  by  antigens  common  to  sediment  I  and 
the  supernatant,  and  no  marked  qualitative 
differences  were  noted  between  these  solutions. 
When  extracts  of  various  low  speed  sediments 
were  compared  in  separate  tests,  no  significant 
qualitative  differences  were  seen  between  the 
300  g  and  the  600  g  sediments.  Extracts  of the 
]hGURE 1  Photographic print  (obtained 
by  direct  enlargement  through  a  photo- 
graphic magnifier) of a dried Ouchterlony 
plate  stained  with azocarmine B.  Center 
well:  antiserum.  Upper  left:  non-sedi- 
mented  part  of  cytoplasm  (final  su- 
pernatant) ; Upper right: extract of ~,000 g 
sediment;  Lower  left:  extract  of  30,000 
g sediment; Lower right:  extract of 105,000 
g sediment. 
the  300 g  sediment,  and  22  per cent in  the  final 
supernatant.  In  Experiments  1 to  3  in which  the 
homogenizing medium was  NaC1,  the  amount  of 
RNA  present  in  the  low  speed  sediments  was 
much lower. Differences between the various frac- 
tions were also apparent when they were homoge- 
nized in a hypotonic medium (0.9 per cent NaC1). 
In  these  cases,  65  to  70  per  cent  of the  N of the 
300 g  sediment  and  48  to  52  per  cent  of that  of 
the 600 g  sediment went into solution.  The corre- 
sponding  figures  for  the  1,200  g  sediments  were 
16 to  19 per cent, for the  12,000 g  sediment  14 per 
cent, and  for the  105,000 g  sediment 25 to 28 per 
cent. 
For  qualitative  analysis  of the  antigens  in  the 
various fractions,  double diffusion experiments  in 
agar were  performed.  Fig.  1 shows a  typical  pie- 
1,200  g  and  12,000  g  sediments  (Experiments  1 
and  3,  Table  I)  were  also  similar  but  contained 
only small amounts of these antigens.  The extracts 
of both high speed sediments contained one antigen 
in relatively high concentration and this was com- 
mon  to all 4  fractions.  In some experiments,  3  to 
4  minor  bands  also  appeared  upon  prolonged 
incubation  of the  agar  plates. 
When the fractions were tested by immuno-elec- 
trophoresis,  confirmatory  results  were  obtained. 
Thus, no clear cut qualitative differences appeared 
between sediment  I  and  the  supernatant.  On  the 
other  hand,  the  high  speed  sediments  could  be 
shown  to  contain  essentially  only  one  antigen, 
identical  with  the highly heat-labile  antigen  d  of 
earlier  immuno-electrophoretic  experiments  (4). 
In order to determine whether or not the treat- 
310  TIlE  JOURNAL OF  CELL BIOLOGY •  VOLUME ~,  1964 15[ 7///  Antigen1 
1~14  ...................... 
1.21- 
11  ./  /  Antigen  2 
10  ~- 
0.~ 
07 y~/"~  Antigen  3 
0,6  .~__ ____.  ......................... 
I  ~x  05  ~  t= 
04  500  1000 
12 
11 
10 
c 
09 
1.0 
0.9 
0.8  I 
0.6 
0.5 
r 
0.4 
......................... 
Antigen  5 
Antigen  6 
0.3  ,  ,  ,  ,  i  ,  ,  ,  ,  i  ,  , 
0  500  1000 
FIGURES  2 AND 8  Absorption curves obtained by using antiserum  absorbed  with lyophilized prepara- 
tions of the different fractions of Exp. 2 (Table I). Abscissae,/~g  non-dialysable nitrogen of the different 
fractions used for absorption of 1-ml aliquots of antiserum. Ordinates, migration rates (k =mm  X  hr  -1/2) 
of antigen-antibody precipitates, formed by antigens 1 to 6 when the antiserum-agar mixtures were over- 
layered with an extract from unfertilized eggs.  Explanation of symbols: Filled circles, absorption curves 
obtained with total homogenate; filled triangles,  with sediment I; empty circles, with final supernatant; 
empty triangles,  with sediment II. The rectangles on the abscissae  give the migration rates in unabsorbed 
serum, chosen as origin for the absorption curves. Dotted line, arbitrary line drawn through the k value 
obtained after absorption of the antiserum with 100 #g N of total homogenate in Fig. 2, and with 500 
/zg ~ in Fig. 8. 
Fig. 2, measurements at 30 per cent; Fig. 8,  measurements at 10 per cent antiserum  concentration. 
ment  of the low  speed  sediments  with  hypotonic 
medium  solubilized  all  or  most  of  the  antigens 
described above, the saline-extracted and carefully 
washed  residue  of  sediment  I  was  treated  with 
0.2 per cent sodium deoxycholate. This treatment 
solubilized roughly 60 per cent of the undialysable 
nitrogen  remaining  after  saline extraction.  When 
the sodium deoxycholate extract was tested in the 
Ouchterlony  test,  most  of the  antigens  shown  in 
Fig.  1  were  again  found  to  be  present  in  large 
amounts.  Similarly,  detergent  disruption  of high 
speed sediments (30,000 g and  105,000 g) liberated 
additional amounts  of the "microsomal" antigens 
shown  in  Fig.  1.  Further  solubilization  of  the 
remaining nucleoprotein with acetic acid liberated 
proteins  which  did  not  react with  the  antiserum 
at hand. 
FRAGMENTS :  Centrifugation  of whole  unfer- 
tilized eggs of P. lividus  can lead to  fragmentation 
of the eggs and separation of four morphologically 
distinct zones (15,  16).  The purpose of the present 
fragmentation  studies  was  to  separate  nuclei and 
clear zones, on the one hand,  from yolk and other 
heavy granules,  on the other,  in sufficiently large 
amounts  for  comparison  of  their  antigens  with 
those present in various cell fractions obtained  by 
differential  centrifugation.  The  first  centrifuga- 
tion  (70 minutes,  44,000  g)  gave a  very homoge- 
neous upper  layer,  consisting of the upper  halves 
of  the  eggs,  containing  "lipid  cap,"  clear  zone 
with  nuclei  and  some yolk  in  three  well defined 
zones. The lower layer  (Fragment  I)  consisted  of 
fragments  of various sizes, containing yolk,  mito- 
chondria,  and  other  heavy  granules  (15).  The 
second  centrifugation  of the isolated  upper  layers 
(90 minutes,  93,000 g) led to a  second fragmenta- 
tion, yielding an upper layer (Fragment I I) of very 
uniformly  sized  clear fragments with  "lipid  cap" 
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(Fragment  III)  of  yolk-rich  fragments,  again 
heterogeneous in size but free from nuclei.  When 
extracts  of Fragments  I,  II,  and  III  were  tested 
by  the  Ouchterlony  technique  and  by  immuno- 
electrophoresis,  no  consistent  qualitative  differ- 
ences appeared  between them. 
Relative Amounts of Antigens in the Various 
Fractions 
In a  previous paper,  it was shown  that  graded 
absorption  of antiserum  in  combination  with  the 
precipitin technique of Oudin  (14)  could be used 
for  the  determination  of  relative  quantities  of 
soluble  antigens  in  sea  urchin  eggs and  embryos 
without the need  of exhaustive extraction.  Figs.  2 
and  3  present  the  results  obtained  when  this 
method was applied  to the problems under  study 
in  this  paper.  Graded  small  amounts  of lyophil- 
ized  and  salt-free  total homogenate,  2,000 g  and 
105,000  g  sediments  or  the  final  supernatants  of 
Experiment 2 (Table I), were added  to aliquots of 
the  antiserum.  The  figures represent  the  absorp- 
tion curves which were obtained when the migra- 
tion rates of the bands  appearing  in the different 
tubes were plotted against the amount of homoge- 
hate or fractions used for absorption. Antigens 1 to 
6 were the same as those previously described  (4). 
Fig.  2  gives the absorption  curves for the rapidly 
migrating  antigens  1  to  3,  measured  at  an  anti- 
serum  concentration  of 30  per  cent,  and  Fig.  3, 
those  of  the  slowly  migrating  antigens  4  to  6, 
measured  at  l0  per  cent  concentration  of anti- 
serum.  As  can  be  seen  from  the  diagrams,  these 
conditions gave well separated  bands which could 
be  measured  conveniently.  The  diagrams  show 
that  addition  to  the  antiserum  of  increasing 
amounts  of  absorbant  leads  to  a  nearly  linear 
increase in the migration rates. 
In  a  previous  communication  (14),  it  was 
demonstrated  that  this is an accurate  method  for 
the determination of relative amounts  of antigen. 
However, less accuracy was aimed at in the present 
experiments, in which the absorption  curves were 
fitted graphically to the k values. Furthermore, the 
absorbing  capacity  of  the  various  fractions  was 
also  estimated  graphically,  according  to  Telfer 
and  Williams  (13),  by drawing  an  arbitrary  line 
parallel to the abscissa (cf. Material and Methods). 
Inspection  of  the  diagrams  indicated  that  the 
measurements  were  sufficiently  accurate  for  this 
procedure.  Thus,  no difficulties were encountered 
in  fitting  the  lines  so  as  to  go  through  the  same 
origin,  which,  in  all cases,  was identical with,  or 
very close to,  the k value obtained in unabsorbed 
serum.  The greatest accuracy was obtained  when 
the  antigen  content  of an  absorbant  was high  in 
relation to the concentration of its antibody in the 
serum, i.e., in those cases in which the  absorption 
curves  were  steep.  When  the  antigen  content  of 
an absorbant  was low,  the accuracy  of the meas- 
urements  was  much  less  and  deviation  from 
]inearity was observed. 
Column  1 of Table II gives the amounts of the 
various  preparations  necessary  for  equal  absorp- 
tion of antibodies, as estimated from the graphs of 
Figs.  2  and  3.  Column  2  gives the  "specific ab- 
sorbing  capacities,"  calculated  by  dividing  the 
reference amount of the total homogenate  by the 
corresponding  one  of  the  fraction  in  question. 
When  the  amount  of total  undialysable  nitrogen 
of the various fractions,  expressed  in  per  cent  of 
that  in  the  total  homogenate,  was  multiplied  by 
the  specific  absorbing  capacity,  the  relative 
amount  of antigen present in  each fraction  could 
be  estimated.  Table  III  gives the  results  of such 
calculations  both  for  the  experiments  of Figs.  2 
and  3  and  for  a  second,  entirely  independent 
experiment,  made  with  preparations  of  Experi- 
ment  1  (Table  I).  Table  III  demonstrates  that 
the  recovery  of  antigen  was  relatively  good  in 
most cases.  Antigen 2 was a  striking exception in 
both  experiments.  The  reasons  for  the  poor 
recovery in  this  case  are  unknown. 
Table  III  demonstrates  that,  in  both  experi- 
ments,  antigens  1 and  5  occurred  mainly in  sedi- 
ment  I.  Antigens  3,  4,  and  6  were  more  evenly 
distributed  between  this  sediment  and  the  final 
supernatant.  It should  be noted that  the distribu- 
tion  of  these  antigens  is  similar  in  both  experi- 
ments.  Antigen 6  was  the only antigen which,  in 
both  experiments,  was  found  in  significant 
amounts  in  the  microsomal  sediments. 
In an attempt  to study the distribution  of anti- 
gens in fragmented  eggs, a  number  of absorption 
experiments  were  performed  with  the  fragments 
described  above.  Since  the  procedure  of  frag- 
mentation  was not quantitative,  no estimation  of 
the  total  recovery of antigen  comparable  to  that 
in TaMe  III  could  be  made.  Instead,  a  measure 
of  the  relative  distribution  of  antigens  was  ob- 
tained  by  arbitrarily  dividing  the  values for  the 
specific absorbing  capacities  of fragments  II  and 
III  by  that  of fragment  I  and  multiplying  this 
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Relative  Content  (per cent)  of  Antigens  1  to  6  in  Fractions  of  Experiments  1  and  2  (Table I), 
Estimated as Described in the  Text 
Absorbant 
Antigen 1  Antigen 2  Antigen 3  Antigen 4  Antigen 5  Antigen 6 
Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2 
Sediment  I  64  77  26  20  41  27  62  42  65  81  31  30 
(2,000 g) 
Sediment II  --  <2  --  <  1  --  --  <  1  --  --  --  9  7 
(105,000 g) 
Final  16  4  16  6  69  55  41  30  10  28  43  52 
supernatant 
Recovery  80  83  42  27  110  81  104  72  75  109  83  89 
TABLE  IV 
Distribution  (per cent)  of Antigens 1 to 6 in Fragmented Eggs 
For explanations see text 
Antigen 1  Antigen 2  Antigen 3  Antigen 4  Antigen 5  Antigen 6 
Absorbant 
Exp. l  Exp. 2  Exp. l  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2  Exp. 1  Exp. 2 
Fragment  I 
(lower 
halves) 
Fragment  II 
(upper  clear 
halves) 
Fragment  III 
(upper 
granular 
halves) 
100  100  100  I00  100  100  100  100  100  100  100  100 
18  6  15  21  81  74  65  40  13  14  72  60 
45  46  43  83  109  97  67  73  60  47  51  64 
ratio  by  100.  The  results of two independent  frac- 
tionations  are  shown  in  Table  IV.  In  this  case, 
the  basis for  the specific absorbing  capacities  was 
again the amount  of undialysable nitrogen present 
in  the lyophilized  powder  of the fragments. Since 
this  was  about  equal  for  all  preparations  (ap- 
proximately 8  to  10 per cent),  similar results were 
obtained  when  the  results  were  based  on  dry 
weight.  It will be noted that the content of antigen 
in  the  upper  clear  halves  (Fragment  II),  which 
were  free  from yolk  and  heavy granules but  con- 
tained  the cell  nuclei,  was lower  than  that of the 
granulated  fragments  (Fragments  I  and  III).  In 
most cases, the antigen content of the lower halves 
(Fragment  I) was highest. Antigens 1 and 5, which 
in  Table  III  were  shown  to  be  associated  with 
sediment I,  only occurred in small amounts  in the 
upper clear halves (Fragment  II).  This also seems 
to  be  the  case for  antigen  2. 
DISCUSSION 
The  differential  centrifugation  experiments  de- 
scribed  in  this  paper  demonstrated  that  in  the 
unfertilized  sea  urchin  egg  there  is  a  marked 
association of antigens with the  microscopic parti- 
cles of sediment I.  However,  since these low speed 
sediments were  difficult  to  isolate  in  a  pure  form 
and  also  contained  some  highly  fragile  particles 
(yolk  and  pigment granules),  the results obtained 
after  differential  centrifugafion  were  difficult  to 
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differential centrifugations gave a reasonably true 
picture  of  the  distribution  of  the  antigens  is 
strongly supported  by  the  results  of the  experi- 
ments with  fragmented  eggs,  where  artifacts  of 
fractionation are presumed to play a  minor role. 
Of the 6 antigens studied quantitatively, antigens 
1, 2, and 5 were present in minor amounts only in 
the yolk-free fragments, containing the cell nuclei 
and pigment granules. This leaves yolk granules 
and  mitochondria  as  the  main  source  of  these 
antigens in sediment I  (Table III). Since the yolk 
granules constituted the  bulk of this fraction,  it 
can perhaps  be  assumed that  these  antigens are 
associated  with yolk.  Further indirect support for 
this  notion was  also  obtained  from  qualitative 
studies  of  various  subfractions.  Treatment  with 
hypotonic medium led  to  a  release  of  antigens 
mainly from the fractions sedimented at 300 and 
600 g,  while the  1,200 g  and  12,000 g  sediments 
were much more resistant. The osmotically highly 
sensitive  yolk granules were  present only in the 
two first mentioned sediments, whereas the mito- 
chondria  were  predominant  in  the  latter  two. 
However,  for  a  final proof of this  point further 
studies are required. 
It has already been demonstrated that antigens, 
immunologically and physicochemically identical 
by several  criteria with those described here,  are 
present throughout early development (4).  More- 
over,  as will be shown in a  later paper, although 
their  relative concentrations in the  embryos de- 
crease  considerably after gastrulation, these  anti- 
gens  undergo  significant quantitative variations 
during the earlier phases  of ontogenesis, including 
a  strong rise in concentration during the cleavage 
period  (cf.  reference  17). There is some  evidence 
that the early period of protein synthesis beginning 
in the egg shortly after fertilization (18,  19) occurs 
independently of direct nuclear control and may 
be bound to a  stable messenger RNA present in 
the unfertilized egg  (20).  This hypothetical mes- 
senger  is  believed  to  carry  the  information for 
"egg"  proteins,  perhaps  needed for  cell  division 
(21 ). Further experiments will show which (if any) 
of the antigens discussed  here are involved in this 
first  wave  of protein synthesis.  It should be em- 
phasized  that  proteolysis  and  subsequent resyn- 
thesis  after  fertilization may  rapidly  lead  to  a 
complete  change  of  antigen  distribution in  the 
fertilized egg. 
The  media  used  here  for  differential  centrif- 
ugation gave relatively good  results  with  regard 
to  the  preservation  of  the  osmotically  highly 
sensitive  yolk  and  the  pigment granules.  These 
media were undoubtedly less suitable for isolation 
of the  microsomal fractions.  The  use  of isotonic 
sucrose  (1.2  M)  was  unpractical  because  of  its 
high viscosity and density which led to clumping 
of particles and to  the need of prolonged centrif- 
ugations. On the other hand, the use of hypotonic 
sucrose  (0.25  to 0.5  ~)  resulted in a  marked dis- 
ruption of various types of microscopic granules, 
particularly yolk, and hence to a non-reproducible 
distribution of antigens in different fractions. 
In spite of the conditions under which the micro- 
somal  fractions  were  obtained,  they  were  all 
characterized  by  the  presence  of  one  antigen 
mainly, which previous experiments (4) had shown 
to be highly heat-labile and of low electrophoretic 
mobility at  pH  7.2  in agar electrophoresis.  This 
antigen which is not a nucleoprotein (unpublished) 
may be a structural component of the microsomes. 
It may also  be  a  product of ribosomal synthesis 
since it seems to occur in other fractions as well. 
However, one cannot exclude the possibility of a 
selective  adsorption of a  cytoplasmic antigen to 
some part of the microsomal fraction. The studies 
with fragmented eggs  did  not clarify this  point, 
since microsomal elements may have been present 
in all fragments. 
Microsomes of liver and other organs of the rat 
are characterized by certain highly immunogenic 
proteins, extractable with detergents and assumed 
to  constitute  proteins  associated  with  the 
membranes of the endoplasmic reticulum (1,  2). 
No predominant antigens of this kind were found 
in the  microsomes of the  unfertilized sea  urchin 
egg. This difference probably reflects a real differ- 
ence in the composition of the microsomal fraction 
of  the  eggs  as  compared  with  that  of  protein- 
secreting  cells.  Electron  micrographs  show  that 
the  endoplasmic reticulum of unfertilized eggs  is 
poorly developed and that large numbers of free 
particles  are  present  throughout  the  cytoplasm 
(22, 23). 
It should be emphasized that this investigation 
is concerned only with a  number of marker anti- 
gens,  easily recognized in total  egg  homogenates 
and present throughout development. There are of 
course  many  "fraction-specific"  antigens  which 
might  well  have  been  found  by  using  antisera 
prepared against various types of granules and by 
using  appropriate  absorption  procedures.  How- 
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purpose  of the present study. 
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